Moreover, compared to urinary levels the fluoride concentration in the serum may be a more direct indicator of exposure in patients with kidney hypofunction.
clearance of fluoride (CF), the amount of fluoride filtered by the glomeruli per minute (FF) and tubular reabsorption of fluoride (TrF), which were calculated from the serum concentration, as well as the quantity concurrently excreted in the urine and the glomerular filtration rate (GFR), were investigated in patients with chronic renal failure (CRF) and healthy controls after the oral administration of sodium fluoride (as 4 mg F-) with water loading.
After the administration the 24-hour excretion of fluoride in the patients with CRF was significantly lower (p<0.0.01) than controls. CF, FF, and TrF were also lower in the patients. CF and creatinine clearance (Ccr) were well correlated (r= +0.87) with CF averaging 48% of the Ccr. At present, fluoride metabolism of the patients with chronic renal failure (CRF), in whom the function of the main pathway of fluoride excretion is impaired, is not completely understood.
In this study, fluoride concentrations were measured in the serum and urine specimens of patients with CRF, hydrofluoric acid (HF) workers and healthy controls. In addition, the renal clearance of fluoride (CF) ), the amount of fluoride filtered through the glomeruli per minute (FF), and the tubular reabsorption of fluoride (TrF) were investigated in the patients with CRF and controls after the oral administration of sodium fluoride solution. Furthermore, some basic findings are discussed on the usefulness of measuring the fluoride concentration in the serum and urine as indicators for the health care of HF workers, especially for persons with diminished renal function.
MATERIALS AND METHODS
In the first part of this study, the fluoride concentration in the serum and urine was determined in three groups of subjects. The first group consisted of 40 male and female patients ranging in age from 30 to 70 years presenting with CRF and shown to have serum creatinine and blood urea nitrogen (BUN) values greater than 5 mg/dl and 50 mg/dl respectively. The second group was composed of 120 male workers aged 20 to 60 years who had been irregularly exposed to a relatively low level (1-3 ppm) of HF in the electronic industry. As a control group, 320 healthy subjects aged 30 to 70 years living in a rural area were included. Water fluoridation is not practiced in Japan and in this community the fluoride level in the drinking water was approximately 0.1 ppm.
Venous blood samples (5 ml) and urine specimens (10 ml) were taken from all subjects at a specific time (between 12:00 and 15:00 hours) for the measurement of fluoride concentrations in the serum and urine.
For the second part of this study, 5 patients with CRF and same number of healthy controls were selected. The subjects were given sodium fluoride (as 4 mg F-) by a single oral administration with 300 ml water loading after an overnight fasting.
Blood and urine samples (10 ml) were collected before and 0. 
RESULTS
The serum and urine concentrations of fluoride in 40 patients with CRF, 120 HF workers, and 320 healthy controls are shown in Table 1 . The serum concentrations of fluoride in patients with CRF and HF workers were remarkably higher (p<0.001) than control subjects. Urinary concentration of fluoride in HF workers was also higher (p<0.001) than that in control subjects. Although the serum fluoride concentrations of patients with CRF were markedly higher than controls, their urinary content of fluoride remained normal. Serum concentrations of fluoride in three HF workers, who had clinical evidence of chronic renal disease and undergone treatment at the experiment, were strikingly higher (mean of 3 patients: 172 ppb) than in other patients with CRF and HF workers. Their urinary concentrations of fluoride, however, were within normal limits (mean value: 0.66 ppm). As shown in Table 2 , in patients with CRF, only 6.2% of the ingested fluoride was excreted in the urine during a 24-hour period. This was markedly lower than in control subjects (48.8% ). In patients B and C, the 24-hour urine volumes showed reference range, however, urinary excretion of fluoride was also reduced.
The results of the clearance studies in the same patients with CRF and the control subjects at 2 hours after fluoride administration with water loading are shown in Table 3 . Mean serum concentrations of fluoride in both groups were similar after 2 hours. On the other hand, urinary concentrations of fluoride at that time, urinary flow per minute, Ccr, CF, FF, and TrF in patients were markedly lower than control subjects. As shown in Figure 1 , the clearances of fluoride and creatinine were well correlated (r = + 0.87), with the fluoride clearance averaging 48% of the creatinine clearance. The fluoride clearance ranged from 20 to 70 ml/min/ 1.48 m2 except when the creatinine clearance was very low.
The relationship between renal fluoride clearance and urinary diuresis is shown in Fig. 2 . A high coefficient of correlation (r = + 0.86) was also obtained in healthy subjects. However, the fluoride clearance did not increase with the elevation Table 3 . Clearance studies in patients with chronic renal failure (CRF) and control of urinary flow in patients with CRF, and the coefficient of correlation was found to be low (r= +0.28).
DISCUSSION
The major pathway of fluoride elimination from the human body is via the kidney. Because fluoride has a short biological half-life, 40 to 70% of the ingested fluoride appears in the urine during a 24-hour period.1,12,13) In this investigation, nearly 50% of the ingested fluoride was excreted in the urine during this period.
The findings of fluoride clearance from the serum by the kidney, which in these subjects averaged 48 % of the creatinine clearance, is in agreement with the data of Waterhause et al.12) When the creatinine clearance fell below 25 ml/min/ 1.48 m2, the fluoride clearance markedly decreased. This finding clearly indicates that the fluoride clearance is dependent on the glomerular filtration rate. There was a direct correlation of fluoride clearance with urinary flow. This relation has also been noted in the study by Ekstrand.2) In present study, a high correlation was obtained between the fluoride clearance and urinary flow in health subjects, but the patients with CRF did not exhibit a proportional increases in fluoride clearance after the water loading. However, our data on this point are too limited to be conclusive.
Once renal function is severely impaired, the excretion of fluoride in the urine decreases and serum fluoride concentrations increases. Juncos and Donadio14) reported two patients with a combination of renal insufficiency and systemic 
